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Abstrat
Form fator axioms are derived in two dimensional integrable defet theories for matrix
elements of operators loalized both in the bulk and on the defet. The form fators of bulk
operators are expressed in terms of the bulk form fators and the transmission fator. The
struture of the form fators of defet operators is established in general, and expliitly
alulated in partiular, for the free boson and for some operator of the Lee-Yang model.
Fusion method is also presented to generate boundary form fator solutions for a fused
boundary from the known unfused ones.
1 Introdution
The bootstrap program aims to lassify and explitly solve 1+1 dimensional integrable quantum
eld theories by onstruting all of their Wightman funtions (see [3℄ for a reent review and
referenes therein). In the rst step, alled the S-matrix bootstrap, the sattering matrix,
onneting asymptoti in and out states, is determined from its properties suh as fatorizability,
unitarity, rossing symmetry and Yang-Baxter equation (YBE) supplemented by the maximal
analytiity assumption [4℄. In the seond step, alled the form fator bootstrap, matrix elements
of loal operators between asymptoti states are omputed using their analytiity properties
originating from the already omputed S-matrix. Supposing maximal analytiity leads to a set
of solutions eah of whih orresponds to a loal operator of the theory [1℄. In the third step
these bulk form fators are used to build up the orrelation (Wightman) funtions via their
spetral representations and desribe the theory ompletely o mass shell. This program has
been implemented for a wide range of theories (see [3℄). .
The analogous bootstrap program for 1+1 dimensional integrable boundary quantum eld
theories has been already developed. The rst step is alled the R-matrix bootstrap [5℄: In
boundary theories the asymptoti states are onneted by the reetion (R)-matrix, whih, as
a onsequene of integrability, fatorizes and satises the unitarity, boundary rossing unitarity
and the boundary YBE (BYBE) requirements. These equations supplemented by the maximal
1
analytiity assumptions make possible to determine the reetion matries and provide the
omplete information about the theory on mass shell. In the seond step we are interested in
the matrix elements of loal operators loalized both in the bulk and also at the boundary.
Due to the absene of translational invariane the bulk operators' one point funtions aquire
nontrivial spae dependene whih an be alulated in the rossed hannel using the knowledge
of the boundary state together with the bulk form fators [22℄. For the matrix elements of loal
boundary operators axioms an be derived from their analytial properties originating from
the already omputed R-matrix [9℄. Supposing maximal analytiity leads to a set of solutions
eah of whih orresponds to a loal boundary operator of the theory and is uniquely related
to a vetor in the ultraviolet Hilbert spae. The expliit form of the boundary form fators
determine the boundary orrelation funtions via their spetral representation. This provides a
partial desription of the theory o the mass shell as a full desription would inlude orrelation
funtions of operators loalized in the bulk as well, but this ompliated problem has not been
addressed yet.
Sine any two dimensional defet theory an be mapped to a boundary theory [13℄ the de-
velopment of a separate bootstrap program for their solution seems to be redundant. However,
integrable defet theories are severely restrited and one an go muh beyond the boundary
bootstrap program explained above: We an determine the form fators of both types of op-
erators, those loalized in the bulk and also the ones loalized on the defet. With the help
of these form fators we are able to derive spetral representation for any orrelation funtion
and in priniple fully solve the theory o the mass shell as we will show in the present paper.
In developing a defet form fator progam the rst step is the T-matrix bootstrap. In-
terating integrable defet theories are purely transmitting [10, 11, 12℄ and topologial. As
a onsequene a momentum like quantity is onserved [14, 15℄ and the loation of the defet
an be hanged without aeting the spetrum of the theory [16, 17℄. This fat, together with
integrability leads to the fatorization of sattering amplitudes into the produt of pairwise
satterings and individual transmissions and enables one to determine the transmission fators
from defet YBE (DYBE), unitarity and defet rossing unitarity [18, 20, 19℄. The seond step
is the defet form fator bootstrap: One the transmission fators are known we an formulate
the axioms that have to be satised by the matrix elements of loal defet operators. We will
analyze operators loalized both in the bulk and also on the defet. By nding their solutions
the spetral representation of any orrelator an be determined and the theory an be solved
ompletely. For simpliity we restrited our interest in the paper for theories with a single
partile type.
The paper is organized as follows: In setion 2 we introdue asymptoti states in defet
theories and the notion of the transmission matrix. Then the oordinate dependene of defet
form fators is determined. By speifying the boundary form fator axioms we postulate the
axioms for diagonal defet theories. In setion 3 we determine the form fators of any operator
loalized in the bulk in terms of the transmission fator and the bulk form fators. For operators
loalized on the defet a proedure to alulate the general form fator solution is outlined. In
setion 4 we apply this tehnology to determine the defet form fators of the free boson and
the Lee-Yang model. Finally we present how the fusion method an be adapted to generate
boundary form fator solutions for a fused boundary from the known unfused ones.
2
2 Defet form fators
In this setion we present the axioms for the matrix elements of loal operators between asymp-
toti states. To shorthen the disussion we introdue Zamolodhikov-Faddeev (ZF) operators
in order to desribe both the multipartile transmission proess as well as the properties of the
form fators.
2.1 Asymptoti states and transmission matrix
Multi-partile asymptoti states in integrable bulk theories an be formulated in terms of the
ZF operators as
|θ1, . . . , θn〉 = A+(θ1) . . . A+(θn)|0〉
All partiles have dierent momenta pi = m sinh θi, thus in the remote past they are not
interating and form an initial state θ1 > . . . > θn. When time evolves they approah eah
other and after the onsequtive satterings they rearrange themselves into the opposite order:
|θ1, . . . , θn〉 =
∏
i<j
S(θi − θj)|θn, . . . , θ1〉
Here S(θ) is the two partile sattering matrix whih satises unitarity and rossing symmetry
S(−θ) = S−1(θ) ; S(ipi − θ) = S(θ)
This multi-partile sattering proess easily formulated with the ZF algebra:
A+(θ1)A
+(θ2) = S(θ1 − θ2)A+(θ2)A+(θ1) + 2piδ(θ1 − θ2 − ipi) (1)
where we extended their denition for imaginary θ by postulating the rossing property
A(θ) = A+(θ + ipi) (2)
see [9℄ for the details.
One defets are introdued we have to make a distintion whether the partile arrives from
the left (A) or from the right (B) to the defet. These partiles an be even dierent from eah
other as they live in dierent subsystems. A multipartile state is then desribed by
|θ1, . . . , θn; θn+1, . . . , θm〉 = A+(θ1) . . .A+(θn)D+B+(θn+1) . . . B+(θm)|0〉
where the ZF operators B+ reate partiles on the right of the defet and satisfy similar dening
relations to (1) with a possibly dierent sattering matrix. Yet, for simpliity, we restrit our
disussion to the ase when the two subsystems are idential with the same sattering matrix.
Observe however, that this does not imply spae parity invariane, sine the defet may break
it. In the initial state rapidities are ordered as θ1 > . . . > θn > 0 > θn+1 > . . . > θm. The nal
state, in whih all satterings and transmissions are already terminated, an be expressed in
terms of the initial state via the multipartile transmission matrix.
|θ1, . . . , θn; θn+1, . . . , θm〉 =
∏
i<j
S(θi − θj)
n∏
i=1
T−(θi)
m∏
i=n+1
T+(−θi)|θm, . . . , θn+1; θn, . . . , θ1〉
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Due to integrability it fatorizes into pairwise satterings and individual transmissions: T−(θ)
and T+(−θ). We parametrize T+ suh a way that for its physial domain (θ < 0) its argument
is always positive. Transmission fators satisfy unitarity and defet rossing symmetry [13℄
T+(−θ) = T−1− (θ) ; T−(θ) = T+(ipi − θ) (3)
The multipartile transition amplitude an be derived by introduing the defet operator D+
and the following relations in the ZF algebra:
A+(θ)D+ = T−(θ)D
+B+(θ) ; D+B+(−θ) = T+(θ)A+(−θ)D+
A defet is parity symmetri if T−(θ) = T+(θ). Clearly A
+(θ = 0) satises the properties of
D+ with T−(θ) = S(θ) = T+(θ) . Thus a standing partile an be onsidered as the prototype
of a parity symmetri defet.
2.2 Coordinate dependene of the form fators
The form fator of a loal operator O(x, t) is its matrix element between asymptoti states:
〈θ′
m
′ , . . . , θ
′
n
′+1; θ
′
n
′ , . . . , θ
′
1|O(x, t)|θ1, . . . , θn; θn+1, . . . , θm〉
where the adjoint state is dened to be
〈θ′
m
′ , . . . , θ
′
n
′+1; θ
′
n
′ , . . . , θ
′
1| = 〈0|B(θ
′
m
′ ) . . . B(θ
′
n
′+1)DA(θ
′
n
′ ) . . .A(θ
′
1)
Stritly speaking the form fator is dened only for initial/nal states (i.e. for dereas-
ingly/inreasingly ordered arguments) but using the ZF algebra we an generalize them for
any values and orders of the rapidities.
The multipartile asymptoti states are eigenstates of the onserved energy. This fat an
be formulated in the language of the ZF algebra as
[H,A+(θ)] = m cosh θ A+(θ) ; [H,D+] = eDD
+
In the seond equation we supposed that the vauum ontaining the defet has energy eD.
Classial onsiderations together with the topologial nature of the defet suggest the existene
of a onserved momentum with properties
[P,A+(θ)] = m sinh θ A+(θ) ; [P,D+] = pDD
+
Thus, opposed to a general boundary theory, the defet breaks translation invariane by having
a nonzero momentum eigenvalue pD and not by destroying the existene of the momentum
itself. As a onsequene the time and spae dependene of the form fator an be obtained as
〈θ′m′ , . . . , θ′n′+1; θ′n′ , . . . , θ′1|O(x, t)|θ1, . . . , θn; θn+1, . . . , θm〉 =
eit∆E−ix∆PFO(n′,m′)(n,m)(θ
′
n′+m′, ..., θ
′
n′+1; θ
′
n′, ..., θ
′
1|θ1, . . . , θn; θn+1, ..., θn+m)
where ∆E = m(
∑
j cosh θj −
∑
j′ cosh θ
′
j′) and ∆P = m(
∑
j sinh θj −
∑
j′ sinh θ
′
j′). The very
same simple spae and time dependene an be seen also in a theory without the defet and
it is substantially dierent from what we would expet from a general boundary theory where
even the one point funtion has a nontrivial spae-dependene. These onsiderations remain
valid for operators inserted at the defet O(t) = O(0, t), too.
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2.3 Crossing transformation of defet form fators
The properties and analytial struture of the form fator F(n′m′),(nm) an be derived via the
redution formula from the orrelation funtions similarly to the boundary ase [9℄. Instead of
going to the details of the alulation of [9℄ we note that all equations follow from the dening
relations of the ZF algebra and the loality of the operator [O(0, 0), A+(θ)] = 0 exept the
rossing relation. This missing relation reads as
FO(n′,m′)(n,m)(θ
′
n′+m′, ..., θ
′
n′+1; θ
′
n′, ..., θ
′
1|θ1, . . . , θn; θn+1, ..., θn+m) =
FO(n′,m′+1)(n,m−1)(θn+m + ipi, θ
′
n′+m′, ..., θ
′
n′+1; θ
′
n′, ..., θ
′
1|θ1, . . . , θn; θn+1, ..., θn+m−1)
and an be obtained as follows: We fold the system [13℄ to a boundary one: B+(θ)↔ B˜+(−θ),
and onsider A+ and B˜+ as reation operators of two dierent type of partiles whih satter
trivially on eah other. Now we apply the rossing equation of B˜+ for the resulting boundary
form fator [9℄. If we fold bak the system to the original defet theory we obtain the defet
rossing equation above.
By analyzing the rossing equation of the partile A+ instead of B+ we obtain
FO(n′,m′)(n,m)(θ
′
n′+m′, ..., θ
′
n′+1; θ
′
n′, ..., θ
′
1|θ1, . . . , θn; θn+1, ..., θn+m) =
FO(n′+1,m′)(n−1,m)(θ
′
n′+m′, ..., θ
′
n′+1; θ
′
n′, ..., θ
′
1, θ1 − ipi|θ2, . . . , θn; θn+1, ..., θn+m)
This rossing equation an also be obtained from (2). Using any of the rossing equations above
we an express all form fators in terms of the one-sided form fators:
FO(n,m)(θ1, . . . , θn; θn+1, ..., θn+m) := F
O
(0,0)(n,m)(; |θ1, . . . , θn; θn+1, ..., θn+m)
on whih we fous in the rest of the paper. The properties of this form fator follows from
the ZF algebra relations and from the rossing relations and we postulate them in the next
subsetion as axioms.
2.4 Defet form fator axioms
The matrix elements of loal operators satisfy the following axioms:
I. Transmission:
FO(n,m)(θ1, . . . , θn; θn+1, ..., θn+m) = T−(θn)F
O
(n−1,m+1)(θ1, . . . , θn−1; θn, θn+1, ..., θn+m)
θn
θ
θ
i
θ1
Fn
i+1
θ
θ
i
θ1
i+1 θ n
n−1F 1
By means of this axiom we an express every form fator in terms of the elementary one
FOn (θ1, . . . , θn) = F
O
(n,0)(θ1, . . . , θn; )
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It satises the further axioms:
II. Permutation:
FOn (θ1, . . . θi, θi+1, . . . , θn) = S(θi − θi+1)FOn (θ1, . . . θi+1, θi, . . . , θn)
θn
θ
θ
i
θ1
Fn
i+1
θn
θ
θ
i
θ1
Fn
i+1
III. Periodiity:
FOn (θ1, θ2, . . . , θn) = F
O
n (θ2, . . . θn, . . . , θ1 − 2ipi)
θn
θ
θ
i
θ1
Fn
i+1
nF
θ
θ i
θ i+1
n
θ1
The physial singularities an be formulated as follows.
IV. Kinematial singularity:
−iResθ=θ′FOn+2(θ + ipi, θ′, θ1, ..., θn) =

1− n∏
j=1
S(θ − θj)

FOn (θ1, ..., θn)
F
n+2
n
θ1
θ
θ ’
θ
−i Res F
n
θ1
θ
θ
θ ’
n F
n
θ1
θ
θ
θ ’
n
V. Dynamial bulk singularity:
−iResθ′=θFOn+2(θ′ +
ipi
3
, θ − ipi
3
, θ1, . . . , θn) = ΓF
O
n+1(θ, θ1, . . . , θn)
θn
θ+ιυ
θ−ιυ
θ1
F
n+2
−i Res
θn
θ+ιυ
θ−ιυ
θ1
F
n+1 Γ
θ
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where Γ is the 3 partile on-shell oupling.
VI. Dynamial defet singularity:
−iResθ=iuFOn+1(θ1, . . . , θn, θ) = igF˜On (θ1, . . . , θn)
θ1
θ
n
ιυ
F
n+1
−i Res θ1
θ
n
ιυ
n
F
~
where g is the defet bound-state oupling.
A few remarks are in order: Although the form fator axioms (II-V) are the same as the
axioms of the form fators in a theory without the defet [1℄, the axioms (I,VI) are dierent
and in general defet theories will have dierent solutions. An exeption is the invisible defet
T−(θ) = 1 when we reover the usual form fator equation providing a onsisteny hek for
our axioms. Another onsisteny hek an be obtained by onsidering a standing partile as
the defet. Then T±(θ) = S(θ) and the two additional axioms beome part of the old ones:
(I,VI) will be speial ases of (II,V), respetively.
3 Form fator solutions, two point funtions
In this setion we determine the solutions of the form fator equations for operators loalized
in the bulk and at the defet. For operators loalized in the bulk the solutions an be built up
form the bulk form fators and from the transmission fators. Using these form fator solutions
we determine the spetral representation of the two point funtion for the situations when the
operators are loalized on the same or on the opposite sides of the defet. Finally, for operators
loalized on the defet we outline the strategy for the general solution.
3.1 Bulk operators
The form fator axioms for Fn are the same as in the bulk so we expet to use the bulk form
fator solutions. Clearly we have to make a distintion whether the operator are loalized on
the left, or on the right of the defet. If the operator is loalized on the left then partiles
arriving from the left an reah the operator without rossing the defet. Sine the defet is
topologial we an hange its loation without altering the form fator (as far as we do not
ross the insertion point of the operator). Shifting then the defet far away we expet to obtain
the form fators of the bulk theory.
F
n
θ 1
n−1θ nθ
F
n
θ 1
n−1θ nθ
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Thus we an onlude that for the initial state θ1 > . . . > θn > 0 the defet form fator
oinides with the bulk form fator. Let us denote the solutions of the bulk form fator equations
by Bn(θ1, . . . , θn). Then we laim that for an operator loalized on the left (O< for short) we
have
F<n (θ1, . . . , θn) = Bn(θ1, . . . , θn) = F
<
(n,0)(θ1, . . . , θn; ) (4)
By using the transmission axiom and the rossing relation we an express all other matrix
elements in terms of the bulk matrix element and the transmission fator. If the operator is
loalized on the right of the defet (O>) then, by similar argumentations, we expet the defet
form fator to oinide with the bulk form fator for partiles oming from the right. Those
initial states have the ordering 0 > θ1 > . . . > θn and the form fator is then
F>(0,n)(; θ1, . . . , θn) = Bn(θ1, . . . , θn)
The solution for the elementary defet form fator for operators loalized on the right thus
turns out to be
F>n (θ1, . . . , θn) =
∏
i
T−(θi)Bn(θ1, . . . , θn) (5)
whih satises all the bulk form fator axioms but does not oinide with the bulk form fator
solution.
Having alulated the form fator solutions we use them to onstrut the two point funtions,
whih, for operators loalized on the opposite side of the defet, will be intrinsially dierent
from the one without the defet. We analyze the following two point funtion
〈; |O1(x1, t1)O2(x2, t2)|; 〉
where we denote by |; 〉 the vauum of the defet theory. Formally |; 〉 = D+|0〉. Now we
insert the resolution of the identity. It an be omposed both from initial and from nal states
and for deniteness we hoose initial states. It is instrutive to list the possible states. If
we have no partiles we have only the vauum: |; 〉. One partile states an be of two types,
depending on whether the partile arrives from the left or from the right: |θ; 〉 for θ > 0
and |; θ〉 for θ < 0. A general N = n + m partile state |θ1, . . . , θn; θn+1, . . . , θn+m〉 with
θ1 > . . . > θn > 0 > θn+1 > . . . > θm has to over all possible ases ranging from n = 0 to
n = N . The two point funtion then an be written formally as
〈; |O1(x1, t1)O2(x2, t2)|; 〉 =
∞∑
N=0
〈; |O1(0, 0)|N〉〈; |O∗2(0, 0)|N〉∗eiE(N)(t1−t2)−iP (N)(x1−x2)
We have to speify the integration ranges for the multipartile state N . Originally we have
to integrate only for the multipartile momentum range of the initial states. If we exhange
the order from θ1 > θ2 to the nonphysial θ2 > θ1then the form fator of O1 piks up a fator
S(θ1 − θ2) while that of O∗ the inverse fator S∗(θ1 − θ2), so the integrand is a symmetri
funtion. For eah integration with θ1 > 0 we also have an analogous integration for θ1 < 0 .
Their ontributions dier by a fator T+(θ1) for the form fator of O1 and by the inverse T ∗+(θ1)
for O2. As a onsequene we an express the orrelator in terms of the elementary form fators
Fn as:
〈; |O1(x1, t1)O2(x2, t2)|; 〉 =
∞∑
n=0
1
n!
 ∞
−∞
dθ1
2pi
. . .
 ∞
−∞
dθn
2pi
FO1n (θ1, . . . , θn)F
O∗
2
n (θ1, . . . , θn)
∗eiE(n)(t1−t2)−iP (n)(x1−x2)
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Although we transported the operators O1 and O2 into the origin, the form fator solutions
remember whether the operators are loalized on the left or on the right of the defet.
If both operators are loalized on the left, (x1 < 0, x2 < 0) then the elementary form fators
are the same as the bulk form fators (4) and we an onlude that the two point funtion is
exatly the same as the bulk two point funtion
〈; |O1(x1, t1)O2(x2, t2)|; 〉 =
∞∑
n=0
1
n!
 ∞
−∞
dθ1
2pi
. . .
 ∞
−∞
dθn
2pi
BO1n (θ1, . . . , θn)B
O∗
2
n (θ1, . . . , θn)
∗eiE(n)(t1−t2)−iP (n)(x1−x2)
This is intuitively lear: we an transport the defet to innity without rossing any of the
insertion points thus leaving invariant the two point funtion. When the defet is at innity it
does not inuenes the two point funtion whih then has to be the same as in the bulk. The
same result an be obtained when both operators are loalized on the right of the defet.
If the operators are loalized on dierent sides of the defet (x1 < 0, x2 > 0) then additinally
to (4) we also have to use (5). As a result the two point funtion is expressed in terms of the
bulk form fators Bn and the transmission matrix T−(θ) as
〈; |O1(x1, t1)O2(x2, t2)|; 〉 =
∞∑
n=0
1
n!
 ∞
−∞
dθ1
2pi
T−(θ1) . . .
 ∞
−∞
dθn
2pi
T−(θn)B
O1
n (θ1, . . . , θn)B
O∗
2
n (θ1, . . . , θn)
∗eiE(n)(t1−t2)−iP (n)(x1−x2)
This is the main result of this setion. This formula shows how the orrelation funtion an
be alulated in the presene of an integrable defet in terms of the transmission fator and
the bulk form fators. It an be generalized to any orrelators loalized in the bulk using the
resolution of the identity together with the exat form fators (4) and (5). It annot be applied,
however, for operators loalized on the defet, whih is the subjet of the next subsetion.
3.2 Defet operators
We have seen that although the minimal form fators Fn are subjet to the same requirement
as the bulk form fators they are not neessarily the same. In this subsetion we develop a
general methodology to determine the defet form fators. Let us analyze them for inreasing
partile numbers:
The rst form fator is the vauum expetation value of a defet eld
〈; |O(t)|; 〉 = F0
The one partile form fator is dened to be
〈; |O(t)|θ; 〉 = F1(θ) ; 〈; |O(t)|; θ〉 = T−(θ)F1(θ)
Contrary to the bulk ase it has a nontrivial rapidity dependene: it is not natural to take F1
to be onstant. In a parity invariant theory for a parity symmetri operators, for example, we
have F1(θ) = T−(−θ)F1(−θ). If parity is broken then F1(θ) an be an arbitrary defet ondition
dependent 2pii periodi funtion. The only restrition ame from the defet bound-state axiom
(VI): it must have a pole at iv whenever T−(θ) has a pole orrespondig to a bound-state. Let
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us denote the minimal funtion whih satises this requirement by d(θ). The general form of
the one partile form fator is then
〈; |O(t)|θ; 〉 = d(θ)QO1 (u) ; u = eθ
where d(θ) depends on the defet ondition, while Q1(u) depends on the operator we are dealing
with.
The two partile form fator must also have a singularity at iν and additionally it satises
the bulk form fator axioms so we expet it to be written into the form
F2(θ1, θ2) = d(θ1)d(θ2)fmin(θ1 − θ2)Q
O
2 (u1, u2)
u1 + u2
where fmin(θ) is the minimal solution of the bulk two partile form fator equations
fmin(θ) = S(θ)fmin(−θ) ; fmin(ipi − θ) = fmin(ipi + θ)
Here Q2 is a symmetri funtion in ui = e
θi
, ontaining a fator (u1+u2) to kill the denominator,
what we introdued to onform with the kinematial singularity appearing at higher levels only.
Taking into aount the general paramterization of the bulk and boundary form fators together
with the dynamial and kinematial singularity axioms we parametrize our minimal defet form
fators as
Fn(θ1, . . . , θn) =
∏
i
d(θi)
∏
i<j
fmin(θi − θj)
ui + uj
Qn(u1, . . . , un) (6)
where Qn(u1, . . . , un) is a symmetri funtion expeted to be a polynomial, if there is no bulk
dynamial singularity. If there is suh a singularity we have to inlude the orresponding
singularity into fmin . The dependene on the defet ondition is ontained in d(θ) with possible
defet bound-state singularities, while the dependene on the operator in Q. If for instane the
defet is the invisible defet with T± = 1 then d = 1 and we reover the solution of the bulk
form fator equation as it should be. From the kinematial singularity equations reursion
relations an be obtained among the polynomials Qn+2 and Qn.
4 Model studies
In this setion we analyze the solutions of the defet form fator axioms for the free boson and
for the Lee-Yang models.
4.1 Free boson
The purely transmitting free bosoni theory was analyzed in [16℄ as the limiting ase of the
sinh-Gordon theory. Let us reall its solution. The Lagrangian of the model reads as
L = Θ(−x)
[
1
2
(∂µΦ−)
2 − m
2
2
Φ2−
]
+Θ(x)
[
1
2
(∂µΦ+)
2 − m
2
2
Φ2+
]
−δ(x)
2
(
Φ+Φ˙− − Φ−Φ˙+ +m
[
(cosh µ)
(
Φ2+ + Φ
2
−
)
+ 2(sinh µ) Φ+Φ−
])
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where Φ± are the elds living on the right/left part of the defet and µ is a free parameter. By
varying the ation we obtain the free equation of motion in the bulk
(∂2x − ∂2t )Φ± = m2Φ± (7)
and the defet ondtions:
± ∂tΦ± ∓ ∂xΦ∓ = m(sinh µ) Φ± +m(cosh µ) Φ∓ (8)
Sine Φ± are free elds they have an expansion in terms of plane waves and reation/annihilation
operators
Φ±(x, t) =
 ∞
−∞
dk
2pi
1
2ω(k)
(
a±(k)e
ikx−iω(k)t + a+±(k)e
−ikx+iω(k)t
)
; ω(k) =
√
k2 +m2
where the a, a+ operators are adjoint of eah other with ommutators:
[a±(k), a
+
±(k
′
)] = 2pi2ω(k)δ(k − k′)
They are not independent, the defet ondition onnets them as
a±(±k) = T∓(k)a∓(±k) ; T∓(k) = −m sinh µ∓ iω(k)
m cosh µ− ik ; k > 0
This shows that the defet is purely transmitting, that is we do not have any reeted wave.
The transmission fator in the rapidity parametrization (k = mcl sinh θ) an be written also in
the following form:
T−(θ) = −i
sinh( θ
2
− ipi
4
+ µ
2
)
sinh( θ
2
+ ipi
4
+ µ
2
)
=
1 + wu
1− wu
where w = ieµ and u = eθ. Sometimes we also use w¯ = w−1 and u¯ = u−1. In the next
subsetion we will set m = 1 and use dimensionless quantities.
4.1.1 Form fators
In the free boson model, we have the advantage that we an expliitly alulate the form fators
of all the operators, and then hek that they satisfy the defet form fator axioms. Additionally
we an also onrm that we have as many polynomial solutions of the axioms as many loal
operators exist in the theory.
We work with the Eulidien version of the theory (t = iy) and introdue omplex oordinates
2z = y + ix , 2z¯ = y − ix . Using the expliit expressions of Φ±(z, z¯) we are able to alulate
the form fators. We analyze them for inreasing partile number and ompare to the form
fator solution.
The one partile form fators turn out to be:
F
Φ−
1 = 〈0|Φ−(z, z¯)|a−(θ)〉 = ezu+z¯u¯
F
Φ+
1 = 〈0|Φ+(z, z¯)|a−(θ)〉 = ezu+z¯u¯T−(θ)
from whih it is easy to alulate the defet form fators of the derivative of the elementary
elds:
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〈0|∂nΦ−(0)|a−(θ)〉 = un ; 〈0|∂¯nΦ−(0)|a−(θ)〉 = u¯n
〈0|∂nΦ+(0)|a−(θ)〉 = unT−(θ) ; 〈0|∂¯nΦ+(0)|a−(θ)〉 = u¯nT−(θ)
where ∂ = ∂z and ∂¯ = ∂z¯. We an unify this notation by ∂
−n = ∂¯n. It is instrutive to see
how we an reover these form fators from the solution of the form fator axioms. Using the
parametrization of the form fators in terms of d(θ) see equation (6), we know that at level 1
the solutions of the form fator axioms have the form:
F1(θ) = d(θ).Q1(θ)
Thus if we hoose
d(θ) =
1
1− wu
we obtain
Q
∂nΦ−
1 (θ) = u
n(1− wu) ; Q∂nΦ+1 (θ) = un(1 + wu)
Naively it seems we have less polynomial solutions of the form fator equations than operators.
We have extra relations among the form fators and they originate from
∂∂¯Φ± = Φ± ; ∂¯Φ+ − ∂¯Φ− = w(Φ+ + Φ−) ; ∂Φ− + ∂Φ+ = w¯(Φ+ − Φ−)
However, these relations are satised due to the bulk equation of motion (7) and the defet
onditions (8). Note that the form fator solutions are even more simple in terms of φ = Φ++Φ−
and φ¯ = Φ+ − Φ−. Atually φ¯ is not idependent sine φ¯ = 2w∂φ. Their form fators read as:
Q∂
nφ
1 = u
n ;Q∂
nφ¯
1 = wu
n+1
Observe also that by hanging the sign of the exponential oupling eµ → −eµ the left right
elds are interhanged Φ± ↔ Φ∓, as follows from the disrete symmetries of the Lagrangian.
In the form fator boostrap the general parametrization without kinematial singularity is
Fn(θ1, . . . , θN) =
N∏
i=1
d(θi)QN (x1, . . . , xN )
Thus we an read o the orresponding form fator solution diretly
QN = u
n1
1 . . . u
nN
N (1− wu1) . . . (1− wuk)(1 + wuk+1) . . . (1 + wuN) + permutations
Sine the sattering matrix in the free boson theory is trivial S = 1, the form fators of dierent
levels are not onnneted to eah other, and in this way we solved the theory ompletely.
In terms of the eld φ the form fator solutions are exatly the same as in the bulk free
bosoni theory:
QN = u
n1
1 . . . u
nN
N + permutations
thus we obtain exatly the same number of polynomial solution of the form fator axioms as
many independent loal operator exists in the theory.
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4.2 Defet saling Lee-Yang model
The saling Lee-Yang model an be dened as a perturbation of theM(2,5) onformal minimal
model with entral harge c = −22
5
. It ontains two hiral representations of the Virasoro
algebra, V0, V1 with highest weights 0 and −15 , respetively. The fusion rules an be summarized
as: N i0i = N
i
i0 = 1 and N
i
11 = 1 for i = 0, 1 and all others are zero. The Hilbert spae on the
torus orresponds to the (diagonal) modular invariant partition funtion and ontains modules
orresponding to the Id and the Φ(z, z¯) primary elds with weights (0, 0) and (−1
5
,−1
5
):
H = V0 ⊗ V¯0 + V1 ⊗ V¯1 (9)
The only relevant perturbation by the eld Φ results in the simplest sattering theory with one
neutral partile of mass m and sattering matrix [21℄
S(θ) =
sinh θ + i sin pi
3
sinh θ − i sin pi
3
The pole at θ = ipi
3
(with residue Γ2) shows that the partile an form a bound-state. The
relation
S(θ + i
pi
3
)S(θ − ipi
3
) = S(θ)
however, implies that the bound-state is the original partile itself and the bulk bootstrap is
losed.
4.3 Integrable defets
Two types of topologial defets an be introdued in theM(2,5) minimal model [28, 27℄. They
an be onsidered as operators ating on the bulk Hilbert spae (9) ommuting with the ation
of the left and right Virasoro generators. They have to at diagonally on eah fator in (9) and
satisfy a Cardy type ondition. This leads to two hoies whih an be labelled by the same
way as the bulk elds: (0, 0) and (1, 1). After making a modular transformation the defet is
inserted in spae. The operators living on the defet an be desribed as [26℄
H(a,a) =∑
i,j
(Vi ⊗ V¯j)⊕(
∑
c∈{0,1}
Nc
ia
Na
cj
)
For the topologial defet labeled by (0, 0) the operator spae turns out to be
H(0.0) = V0 ⊗ V¯0 + V1 ⊗ V¯1
and oinides with the bulk Hilbert spae. This defet is the trivial (invisible) defet.
For the other defet labeled by (1, 1) we obtain
H(1,1) = V0 ⊗ V¯0 + V1 ⊗ V¯0 + V0 ⊗ V¯1 + 2 V1 ⊗ V¯1
For eah of the representation spaes we assoiate a primary eld Id, ϕ(z), ϕ¯(z¯), Φ−(z, z¯), Φ+(z, z¯)
with highest weights (0, 0), (−1/5, 0), (0,−1/5), (−1/5,−1/5), (−1/5,−1/5), respetively. The
nonhiral elds Φ±(z, z¯) an be onsidered as the left/right limits of the bulk eld Φ(z, z¯) on
the defet.
13
The bulk perturbation by Φ in the defet onformal eld theory does not break integrability.
In the ase of the trivial defet the transmission fator is simply the identity T = 1. In the ase
of the defet labeled by (1, 1) we an introdue a one parameter family of defet perturbations
as well by properly harmonizing the oeients of the ϕ(z), ϕ¯(z¯) and Φ(z, z¯) terms. We plan
to analyze this issue in a forthoming publiation. Related investigations with only defet
perturbations an be found in [23℄. The bulk and defet perturbed theory is integrable and an
be solved by exploiting how the defet ats on integrable boundaries, see [16℄ for the details.
To summarize, in the alulation the bootstrap relation
T−(θ +
ipi
3
)T−(θ − ipi
3
) = T−(θ) (10)
was used together with defet unitarity and defet rossing symmetry (3) to x the transmission
fator as
T−(θ) = [b+ 1][b− 1] ; [x] = i
sinh( θ
2
+ ipix
12
)
sinh( θ
2
+ ipix
12
− ipi
2
)
(11)
(Atually the inverse of the solution is also a solution but the two are related by the b→ 6 + b
transformation).
We also note that the defet with parameter b = 3 behaves as a standing partile both from
the energy and from the sattering point of view.
4.4 Defet form fators
In this subsetion we apply the general method developed in Setion 3 to determine the form
fators of the defet Lee-Yang model. The form fator an be written as
Fn(θ1, . . . , θn) = Hn
∏
i
d(θi)
∏
i<j
fmin(θi − θj)
ui + uj
Qn(u1, . . . , un) (12)
The minimal solution of the two partile form fator equation is well-known and reads as [24℄:
fmin(θ) =
u+ u−1 − 2
u+ u−1 + 1
v(ipi − θ) v(−ipi + θ)
where
v(θ) = exp
{
2
 ∞
0
dx
x
e
iθx
pi
sinh x
2
sinh x
3
sinh x
6
sinh2 x
}
We also inluded the pole orresponding to the dynamial singularity equation by the denomi-
nator. We hoose the normalization of the form fators as in the bulk
Hn = −pim
2
4
√
3

 3 14
2
1
2v(0)


n
Qn(u1, . . . , un) is expeted to be a symmetri polynomial in ui and u¯i.
Let us turn to the determination of d(θ). Due to the defet dynamial singularity for
Fn(θ1, . . . , θn) the defet dependent term d(θ) must have a pole whenever T−(θ) has a pole.
Similar equation is valid for F0,n(; θ1, . . . , θn) =
∏
T−1− (θi)Fn(θ1, . . . , θn) at the defet bound-
states poles of T+(θ) . We will take into aount that the transformation b↔ 6− b exhanges
14
T−(θ) with T+(θ) and we expet that it ats in a similar way on the form fators. (For parity
invariant operators). The minimal solution with these requirements turns out to be:
d(θ) =
1
4 sinh( θ
2
+ ipi
12
(b− 5)) sinh( θ
2
+ ipi
12
(b− 7)) =
1√
3 + 2 cos( bpi
6
− iθ) =
1√
3 + uν + u−1ν¯
(13)
where we introdued ν = ei
pib
6
and ν¯ = ν−1. This funtion satises two relevant relations:
d(θ + ipi)d(θ) =
1
1− 2 cos( bpi
3
− 2iθ) =
1
1− u2ν2 − u−2ν¯2
and
d(θ +
ipi
3
)d(θ − ipi
3
) =
1
2 cos( bpi
6
− iθ)d(θ) =
1
uν + u−1ν¯
d(θ)
Singularity axioms generate reursive relations between the polynomials. The kinemetial
reursion relation is given by:
Qn+2(−u, u, u1, ..., un) = Dn(u, u1, ..., un)Qn(u1, ..., un)
with
Dn(u, u1, ..., un) = (−1)n+1(u2ν2 − 1 + u−2ν−2)
u
2(ω − ω¯)
(
n∏
i=1
(uω + uiω¯)(uω¯ − uiω)−
n∏
i=1
(uω − uiω¯)(uω¯ + uiω)
)
where we introdued ω = e
ipi
3
, ω¯ = ω−1, while the bound state reursion relation is :
Qn+1(uω, uω¯, u1, ..., un−1) = (νu+ ν
−1u−1)u
n−1∏
i=1
(u+ ui)Qn(u, u1, ..., un−1)
Now let us try to solve these reursions.
4.4.1 Solutions
Sine Qn(u1, ..., un) is supposed to be a symmetri polynomial, it is useful to introdue the
elementary symmetri polynomials σ
(n)
k (u1, ..., un) whih are dened through the generating
funtion:
n∏
i=1
(u+ ui) =
n∑
k=0
un−kσ
(n)
k (u1, ..., un)
By means of these funtions the kinemetial reursive relation for Qn reads as:
(−1)n+1Qn+2(−u, u, u1, ..., un) = (u2ν2 − 1 + u−2ν−2)u2D˜n(u, u1, ...un)Qn(u1, ..., un)
with
D˜n(u, u1, ...un) =
n∑
k=1
k∑
m=1,odd
sin(2pi
3
m)
sin(2pi
3
)
u2(n−k)+mσ
(n)
k σ
(n)
k−m(−1)k+1
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We are going to nd the form fators of the operators Φ±(z, z¯), ϕ(z), ϕ¯(z¯) and their desendants.
We an hoose Φ± as the defet limits of the right/left bulk elds, thus we know already all of
their form fators. Taking into aount the expliit form of d(θ) together with T−(θ) we nd
Q
Φ−
1 = νσ1 + ν¯σ¯1 +
√
3 ; Q
Φ+
1 = νσ1 + ν¯σ¯1 −
√
3
For the two partile form fators we get
Q
Φ−
2 = σ1(v
2σ2 +
√
3vσ1 + σ1σ¯1 + 1 +
√
3ν¯σ¯1 + ν¯
2σ¯2)
and
Q
Φ+
2 = σ1(v
2σ2 −
√
3vσ1 + σ1σ¯1 + 1−
√
3ν¯σ¯1 + ν¯
2σ¯2)
where we used the solution of the bulk form-fator equation QΦ2 = σ1. They both satisfy
the dynamial reursion relations. The asymptotis of the solutions for x → ±∞ reet the
dimensions of the elds (−1
5
,−1
5
).
In order to alulate the general form fator Qn of the elds Φ∓ we an take their bulk form
fators BΦn from [24, 25℄ and rewrite it into the form (12) with the defet part given by (13).
The resulting form fators Qn are all polynomials and have the right asymptoti properties.
Similar onsiderations hold for the desendants of the identity operator. However, alulating
the left and right limits they an dier. This is due to the defet perturbation and the relation
between the two must be expressed in terms of the form fators of other elds whih follows
from the fat that in the UV these operators have the same limit. The relation between the
left and right limits of the energy momentum tensor is the analogue of the defet ondition we
have seen already in the ase of the free boson.
Now we would like to desribe the two hiral elds ϕ(z) and ϕ¯(z¯) whih have dimensions
(−1
5
, 0) and (0,−1
5
). The orresponding solutions at level one with the right asymptotis have
to form
Qϕ1 = σ1 ; Q
ϕ¯
1 = σ¯1
They are related by the u ↔ u−1 transformation. Using our reursion relations we nd the
related solutions at level 2
Qϕ2 = σ1(vσ2 + ν¯) ; Q
ϕ¯
2 = σ¯1(ν¯σ¯2 + v)
Those solution are not unique as they might mix with the kernel solutions
K1 = σ1(σ1σ¯1 − 1), K2 = σ1(σ21 − σ2), K3 = σ1(σ¯21 − σ¯2)
and their desendants. Here we inluded the fator σ1 in all ases as F2 must not have a
dynamial pole, so the denominator x1 + x2 has to be killed. Interestingly all these kernel
solutions an be expressed in terms of Φ∓, ϕ, ϕ¯ and the two desendants ∂(Φ− − Φ+), ∂¯(Φ− −
Φ+). This is a nontrivial statement and shows that the form fator solutions at level 2 having
degree less then four are in one-to-one orrespondene with the operator ontent of the theory.
4.4.2 Parity Symmetry
In this part we analyze how the parity transformation ats on the form fator solutions. The
ation of the parity operator P on the operators an be written as
POP−1 = OP
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Operator Q1 Q2
Φ− νσ1 + ν¯σ¯1 +
√
3 σ1(v
2σ2 +
√
3vσ1 + σ1σ¯1 + 1 +
√
3ν¯σ¯1 + ν¯
2σ¯2)
Φ+ νσ1 + ν¯σ¯1 −
√
3 σ1(v
2σ2 −
√
3vσ1 + σ1σ¯1 + 1−
√
3ν¯σ¯1 + ν¯
2σ¯2)
ϕ σ1 σ1(vσ2 + ν¯)
ϕ¯ σ¯1 σ1(ν¯σ¯2 + v)
Table 1: The form fator solutions of the primary elds up to level 2
The orresponding ation on the form fators is
P 〈0|O(0)|θ; 〉 = 〈0|OP | ;−θ〉
By expliit alulations we heked thatΦ−and Φ+ are parity even with
P 〈0|Φ−(0)|θ; 〉 = 〈0|Φ+(0)| ;−θ〉
while on the ontrary, ϕ and ϕ¯ are parity odd with
P 〈0|ϕ(0)|θ; 〉 = −〈0|ϕ¯(0)| ;−θ〉
These relations have to be onrmed in the Lagrangian framework.
5 Boundary form fators via defets
In this setion we intend to illustrate how defets an be used to generate new boundary form
fator solutions from old ones. The underlying fusing idea for the reetion matries an be
explained as follows: Suppose we plae an integrable defet with transmission fator T−(θ)
in front of an integrable boundary with reetion fator R(θ), whih satises unitarity and
boundary rossing unitarity:
R(−θ) = R−1(θ) ; R( ipi
2
− θ) = S(2θ)R( ipi
2
+ θ)
If we fuse the defet to the boundary the omposite boundary system will be integrable and
will have reetion fator
R¯(θ) = T+(θ)R(θ)T−(θ)
whih, due to the defet unitarity and rossing equations, will satisfy boundary unitarity and
rossing unitarity. This idea has been used to alulate the transmission fators from the
already determined reetion fators R, R¯ in the sinh-Gordon and Lee-Yang models in [16℄. In
ontrast, here we would like to use the fusion idea to generate new form fator solutions from
old ones. For this purpose we suppose that we determined already the boundary form fators
FOn (θ1, . . . , θn) of a boundary operator O. It satises, besides the singularity [9℄ axioms, the
following requirements:
permutation
FOn (θ1, . . . , θi, θi+1, . . . , θn) = S(θi − θi+1)FOn (θ1, . . . , θi+1, θi, . . . , θn)
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reetion
FOn (θ1, . . . , θn−1, θn) = R(θn)F
O
n (θ1, . . . , θn−1,−θn)
and rossing reetion
FOn (θ1, θ2, . . . , θn) = R(ipi − θ1)FOn (2ipi − θ1, θ2, . . . , θn)
We laim that the fused form fator
F¯On (θ1, . . . , θn) =
n∏
i=1
T−(θi)F
O
n (θ1, . . . , θn) (14)
satises the boundary form fator axioms of the fused boundary orresponding to the reetion
fator R¯.
Let us analyze them one by one. Sine the extra fator is symmetri in θi the permutation
axiom is trivially satised. To show the reetion property we use defet unitarity
R¯(θ) = T+(θ)R(θ)T−(θ) = T−(−θ)−1R(θ)T−(θ) (15)
while for the rossing reetion we use defet rossing symmetry:
R¯(ipi − θ) = T+(ipi − θ)R(ipi − θ)T−(ipi − θ) = T−(θ)R(ipi − θ)T−(2ipi − θ)−1 (16)
Now multiplying both sides of the reetion and rossing reetion equation by
∏
i T−(θi) and
using (15) and (16) the laim follows. Similarly one an show the satisfation of the singularity
axioms [9℄.
By this method form fator solution of a given boundary an be used to generate form fator
solutions for the fused boundary. It is pratially useful if we an follow the indentiation of
the operators under the fusion proedure. This is the ase for example if the operator in the
UV limit ommutes with the defet. Say for example if in the Lee-Yang model we take the form
fators of the operators of the identity module on the trivial boundary [29℄, then by the fusion
proedure we an generate the form fators of the same module on the fused φ boundary, just
by multiplying the original form fator solutions with the produt of the transmission fators.
6 Conlusion
In the paper we initiated the form fator program for purely transmitting integrable defet
theories. We restrited our interest for a single partile type, but the extension of the program
for diagonal bulk satterings and diagonal transmissions is straightforward (see [30℄ in the
boundary ase). We laid down axioms for the form fators of operators loalized both in the
bulk and also on the defet. We determined the solutions of the onsiteny requirements for
bulk operators in terms of the bulk form fators together with the transmission matrix. These
form fators determine the orrelation funtions of bulk operators, whih we elaborated in
details for the two point funtions. In the ase of defet operators we gave the general form of
the solutions and expliitly alulated for the free boson and for some operator in the Lee-Yang
model. We also desribed how the fusion method an be used to generate new form fator
solutions from old ones.
In the analysis of the Lee-Yang model we observed relations between the defet operators
whih should have the origin in defet onditions. The lak of the Lagrangian denition of the
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model prevented us to analyze this question. In order to aheive this aim one has to analyze
the simultaneous integrable defet and bulk perturbations of the defet Lee-Yang model using
onformal perturbation theory and establish the relation between the bulk and defet ouplings,
whih maintains integrability. This approah then an be used to derive defet onditions whih
will provide relations between elds living on the defet. In pushing forward this program one
has to solve the defet Lee-Yang model rst. The expiliit knowledge of the orrelation funtions
together with the struture onstants will make it possible to bridge the operators appearing
in the form fator program to their UV ounterparts by analyzing the short distane behaviour
of the two point funtions obtained from the expliit form fator solutions.
Another interesting problem is to see that we have as many polynomial solution of the form
fator equation as many loal operators existing in the theory. We have seen this oinidene
in the ase of the free boson. In the ase of the Lee-Yang model the nontrivial mixing between
the left and right degrees of freedom and the various anellation between the leading order
saling terms prevented us to perform this analysis. Possibly a more areful analysis along the
line of [29℄ would lear up this point as well.
We have analyzed the free boson and the Lee-Yang model sofar. The method, however,
has a straightforward appliation for the sinh-Gordon model adopting ideas from the boundary
form fator solutions [31, 32℄.
The defet form fators in the Lee-Yang model an be tested by extending them for nite
volume and omparing to diret TCSA data. They also an be used to build up nite tem-
perature defet orrelation funtions. These are diret generalizatons of the related boundary
analysises developed in [33, 34℄.
Aknowledgments
We thank Laszló Palla, Gábor Takás for the useful disussions. ZB was supported by a Bolyai
Sholarship, and by OTKA K60040.
Referenes
[1℄ F.A. Smirnov, Form fators in ompletely integrable models of quantum eld theory, Ad-
vaned Series in Mathematial Physis Vol. 14 World Sienti, Singapore.
[2℄ M. Karowski and P. Weisz, Nul. Phys. B139 (1978) 455-476.
[3℄ Hrathya M. Babujian, Angela Foerster, Mihael Karowski, The Form Fator Program: a
Review and New Results - the Nested SU(N) O-Shell Bethe Ansatz, arXiv:hep-th/0609130.
[4℄ Patrik Dorey, Exat S-matries, arXiv:hep-th/9810026.
[5℄ S. Ghoshal and A. Zamolodhikov, Boundary S-Matrix and Boundary State in Two-
Dimensional Integrable Quantum Field Theory, Int.J.Mod.Phys. A9 (1994) 3841-3886;
Erratum-ibid. A9 (1994) 4353.
[6℄ Patrik Dorey, Roberto Tateo, Gerard Watts, Generalisations of the Coleman-Thun meh-
anism and boundary reetion fators, Phys. Lett. B448 (1999) 249-256.
19
[7℄ Z. Bajnok, G. Böhm, G. Takás, Boundary redution formula, J.Phys. A35 (2002) 9333-
9342.
[8℄ Z. Bajnok, G. Böhm, G. Takás, On perturbative quantum eld theory with boundary,
Nul.Phys. B682 (2004) 585-617.
[9℄ Z. Bajnok, L. Palla, G. Takas, On the boundary form fator program, Nul.Phys. B750
(2006) 179-212
[10℄ G. Delno, G. Mussardo and P. Simonetti, Statistial Models with a Line of Defet,
Phys.Lett. B 328 (1994) 123.
[11℄ G. Delno, G. Mussardo and P. Simonetti, Sattering Theory and Correlation Funtions
in Statistial Models with a Line of Defet, Nul. Phys. B 432 (1994) 518.
[12℄ O.A. Castro-Alvaredo, A. Fring and F. Göhmann, On the absene of simultaneous reetion
and transmission in integrable impurity systems, hep-th/0201142.
[13℄ Z. Bajnok, A. George, From Defets to Boundaries, Int.J.Mod.Phys. A21 (2006) 1063-
1078.
[14℄ P. Bowok, E. Corrigan, C. Zambon, Classially integrable eld theories with defets,
Int.J.Mod.Phys. A19S2 (2004) 82-91.
[15℄ P. Bowok, E. Corrigan, C. Zambon, Ane Toda eld theories with defets, JHEP 0401
(2004) 056.
[16℄ Z. Bajnok, Zs. Simon, Solving topologial defets via fusion, Nul.Phys.B802 (2008) 307-
329.
[17℄ Z. Bajnok, Equivalenes between spin models indued by defets, J.Stat.Meh. 0606 (2006)
P010.
[18℄ Robert Konik, Andre' LeClair, Purely Transmitting Defet Field Theories, Nul.Phys.
B538 (1999) 587-611.
[19℄ P. Bowok, E.Corrigan, C. Zambon, Some aspets of jump-defets in the quantum sine-
Gordon model, JHEP 0508 (2005) 023.
[20℄ E. Corrigan, C. Zambon, On purely transmitting defets in ane Toda eld theory, JHEP
07 (2007) 001.
[21℄ J. L. Cardy and G. Mussardo, S matrix of the Lee-Yang edge singularity in two dimensions,
Phys. Lett. B225 (1989) 275-278.
[22℄ P. Dorey, M. Pillin, R. Tateo and G.M.T. Watts, One-point funtions in perturbed boundary
onformal eld theories, Nul. Phys. B594 (2001) 625.
[23℄ M. Kormos, I. Runkel, G.M.T. Watts, Defet ows in minimal models, arXiv:0907.1497
[24℄ A.B. Zamolodhikov, Two point orrelation funtion in saling Lee-Yang model, Nul.
Phys. B348 (1991) 619-641.
20
[25℄ Gesualdo Delno, Giuliano Nioli, Form fators of desendant operators in the massive
Lee-Yang model, J. Stat. Meh. 0504 (2005) P004
[26℄ Ingo Runkel, Perturbed Defets and T-Systems in Conformal Field Theory,
J.Phys.A41:105401,2008
[27℄ Thomas Quella, Ingo Runkel, Gerard M.T. Watts, Reetion and Transmission for Con-
formal Defets, JHEP0704:095,2007
[28℄ V.B. Petkova, J.-B. Zuber, Generalised twisted partition funtions, Phys.Lett. B504 (2001)
157-164
[29℄ M. Szots, G. Takas, Spetrum of loal boundary operators from boundary form fator
bootstrap, Nul. Phys. B785: (2007) 211-233
[30℄ Olalla A. Castro-Alvaredo, Form fators of boundary elds for A(2)-ane Toda eld the-
ory, J. Phys. A41: (2008) 194005
[31℄ Olalla A. Castro-Alvaredo, Boundary form fators of the sinh-Gordon model with Dirihlet
boundary onditions at the self-dual point, J. Phys. A39: (2006) 11901-11914
[32℄ G. Takas, Form fators of boundary exponential operators in the sinh-Gordon model,
arNul. Phys. B805: (2008) 391-417.
[33℄ G. Takas, Finite temperature expetation values of boundary operators, Nul. Phys. B805:
(2008) 391-417.
[34℄ M. Kormos, G. Takas, Boundary form fators in nite volume, Nul. Phys. B803: (2008)
277-298.
21
